Factors influencing the composition of shallow water benthic foraminifera along the SW coast of South Africa at two locations (Table Bay, TB; St Helena Bay, SHB) 200 km from each other were examined. Small taxa dominated in both locations; living assemblages from SHB (28 species, Ammonia parkinsoniana dominant) differed from TB (34 species, Elphidium articulatum dominant). Environmental parameters were similar in both areas. Patchiness in assemblage structure was pronounced, differences between pipeline and non-pipeline sites within locations were evident in environmental parameters. Diversity was significantly correlated with grain size, the nitrogen and heavy metal content (especially Cd). These data represent the first for extant benthic Foraminifera from the southern Benguela upwelling area and is the first attempt at using foraminifera as indicators of pollution in this region. The data stressed the need for more than one sampling location to better understand the factors influencing foraminiferal assemblages in any regional context.
Introduction
Foraminifera may be important components of the meiofauna, where their biomass can exceed that of nematodes and harpacticoid copepods (Bernhard et al., 2008) . Like other meiofauna, their abundance and diversity varies with the environment in a way that tends to reflect driving and attendant processes (Murray, 1991; Murray and Pudsey, 2004) . The shape and composition of sediment grains provide the micro-habitat for small infaunal organisms; coarse sediments provide a number of micro-habitats due to their larger interstitial spaces and they are usually well oxygenated, while sediments with smaller grain sizes trap more organic matter providing more food (Fricke and Flemming, 1983) . Organic matter in the oceans is produced as a result of phytoplankton and macroalgal and macrophyte production and the benthic environment receives this input in the form of sinking detritus (Fricke and Flemming, 1983) . Benthic organisms respond to the increased organic matter input by increasing in numbers (Mojtahid et al., 2009) or in assemblage structure (Smith et al., 2006) . The diversity of benthic marine assemblages has also been found to be related to depth; shallow areas being typically less diverse due to a dominance of opportunistic species that are adapted to high disturbance and the fluctuating environment (Flint and Holland, 1980) . In most cases, there is an interaction between the different environmental factors influencing assemblage structure so that, for example, in upwelling areas the high productivity leads to a fine, organic-rich sediment subject to hypoxia in which Foraminifera may be abundant but species poor (Rathburn and Corliss, 1994; AshckenaziPolivoda et al., 2010) . To date, approximately 2140 extant benthic foraminiferal spe-cies have been formally described, 701 from marginal marine environments, 989 from the shelf and 831 from the deep sea (Murray, 2007) . Only 33% of these have been found in large abundance (>10%) while 67% are of minor abundance, most species being rare and endemic and a few being cosmopolitan (Murray, 2007) . Typically, opportunistic taxa tend to dominate in environments that have been stressed in an anthropogenic way, as those with a limited tolerance range are driven to local extinction (Culver and Buzas, 1995) . Cultural eutrophication results in an alteration to the structure of foraminifera assemblages, and whilst most studies indicate a negative relationship between organic inputs and assemblage abundance and diversity, some show positive impacts which are mostly linked to the distance away from the outfall (Mojtahid et al., 2008) . Topping et al. (2006) have suggested that the associated changes in dissolved oxygen levels or grain size may mask the effects of an increase in organic matter, making interpretation of in situ data difficult. Unlike the variable effects of pollution by sewage, only negative impacts have been observed from heavy metal and hydrocarbon contamination, both in the field (Yanko et al., 1994; Scott et al., 2001; Ferraro et al., 2006; Frontalini et al., 2009) and in the laboratory (Alve and Olsgard, 1999; Gustafsson et al., 2000) Most studies that have focussed on describing the relationship between the structure and composition of foraminifera assemblages and their environment have been conducted at single locations (e.g. Ferraro et al., 2006; Albani et al., 2007; Mojtahid et al., 2008) , and this hampers our understanding of anthropogenic impacts in a regional context. Here we set out to (1) describe the shallow water foraminifera assemblages occurring along the SW coast of South Africa for the first time, and (2) to examine the relationships between the assemblage and assemblage attributes and the environment. We have explicitly chosen two locations some 200 km apart from each other in order to determine the role of geographic location on assemblage structure and hence on the generality of observations.
Materials and methods

Study sites
St Helena Bay
St Helena Bay (SHB) is north of the main upwelling centres at Cape Point and Cape Columbine along the SW coast of South Africa (Supplementary data Fig. 1 ). It is a semi-closed bay, and an anti-cyclonic gyre traps water for up to 25 days within, as opposed to a retention time of 3-5 days outside (Walker and Pitcher, 1991) . There are three fish factories in St Helena Bay that process mainly anchovy and sardine. The area studied is around a fish factory (operating since the 1940s) that processes 150,000 tons of fish annually (Fish factory manager, pers. comm.), and 18,000 m 3 waste water are discharged daily (during operations) through a pipe extending 30 m offshore at about 4 m depth. Water discharged from the factory contains blood, scales and some small bones from fish processing, although, an attempt is made to filter the water discharged (Fish factory manager, pers. comm.). Fig. 2 ). Tidal currents in the bay are weak (average of 20 cm s 1 ) and because of the high wind velocities and shallowness of the bay, surface currents are thought to be winddriven and the residence time of water varies from 15 to 190 h (Van Ieperen, 1971) . Winds vary greatly in speed and direction throughout the year, being mostly from the SSE, but from the N during winter (Jury and Bain, 1989) . A sewage outfall from the eastern side of Robben Island was constructed in 2002 and it discharges 550 m 3 of waste daily through a pipeline c. 400 m long at a depth of 6 m. An attempt was made to sample at approximately 4 m depth, however, the TBD sites around Robben Island were at a maximum depth of 9 m (TBD).
Table Bay
Field sampling
Sampling in SHB took place during September 2003. Nine sites were randomly selected within a 150 m radius of the fish factory outfall (Supplementary data Fig. 1 ) and these are hereafter referred to as pipeline sites. Three additional, non-pipeline sites were selected at 3.6 km (SPA), 1.5 km (SPB) and 0.9 km (SPC) away from the outfall. All samples were collected at a depth of 4 m.
Sampling in TB took place during February 2004. Five pipeline sites were randomly selected, four within a 400 m radius of the outfall and one at 700 m from the outfall: three additional, nonpipeline sites, two of which were on the western side of the harbour 1.05 km and 1.56 km from the pipeline and one on the same side as the pipeline but 1.8 km away. All sites were at a depth of 4m (Supplementary data Fig. 2) . Because Foraminifera are known to be patchily distributed, a number of replicates are required to provide an overall picture of distribution in the area (Harrad et al., 2008) . Six modified Hagge corers (Fleeger et al., 1988) of 30 cm length and 3.57 cm internal diameter (10 cm 2 cross sectional area) were collected by SCUBA at each site. Samples were kept on ice immediately after collection and transferred to the freezer on return to the laboratory, within 5 h.
Laboratory analysis
Cores were defrosted, and the top 5 cm was removed for examination of the Foraminifera (most living Foraminifera are found in this surface layer (Murray, 1991) ), and the analysis of environmental factors. A subsample of the layer was homogenised and used for the determination of nitrogen and trace metal content. Sediments from the top 5 cm were first preserved in 70% ethanol and stained with Rose Bengal (24 h). Foraminifera were separated from the sediments by floatation using carbon tetrachloride (Murray, 1991) and 300 specimens (where possible) were mounted onto a slide for identification and determination of species diversity under a microscope at x 80 magnification. Specimens were separated into live (stained) and dead individuals, and all were identified to species or morpho-species, where possible. Some Fissurina, Oolina and Lagena were identified only to genus, whilst bolivinids were identified as elongated or perforated. Species richness and diversity (Shannon Index; Magurran, 2004) were determined for each core. All foraminifera in the sediments were counted and abundance data were expressed as numbers/g sediment. After the removal of the 300 Foraminifera, the sediment was dried (60 C, 24 h), and sieved through meshes of 500 lm, 250 lm, 125 lm and 63 lm diameter in order to determine the granular size structure. The weight of sediment retained on each mesh was determined and the data were expressed as proportions. Mean sediment grain size (phi units) was calculated using GRADI-STAT software (Blott, 2010) . While it could be argued that the removal of the Foraminifera from the samples might have impacted the size structure of the sediments, this would largely relate to the tests of dead specimens, which made up a maximum of 30% of the total individuals examined at each core.
The nitrogen content (% N) of sediments was determined per site and not per core. Approximately 5 g of freshly defrosted sediment (i.e. before staining and extraction of Foraminifera and granulometry) from each core per site was dried (60 C, 24 h), pooled and homogenised. A subsample was subsequently combusted in the presence of oxygen in order to determine the wt (%) of total nitrogen using a Eurovector EA CHN Analyser. Detection limits for the Analyzer were 0.1 wt (%). Calibration was performed using certified Eurovector standards, accepting a margin of error of 0.02%. Although samples were not acid-digested and, therefore, the percentage organic carbon could not be determined, the relationship between total nitrogen and organic carbon in sediments from SHB (at least) is strongly significant and positive (r = 0.919, DF = 29, p = 0.0001) (Supplementary data Fig. 3 ). It can thus be argued that % N is a proxy for organic carbon in St Helena Bay. In order to determine the trace metal concentrations in sediments, sub-samples from each core were dried (60 C, 24 h) and ground to homogeneity. Approximately 2 g of sediments were then digested using an acid mixture of 4:1 (HCl:HNO3) at 110 C on a Gerhardt digestion block for 3 h following Morton and Roberts (1999). The supernatant was then filtered off and diluted to 100 ml with distilled water. A UNICAM SOLAAR M-SERIES Atomic Absorption Spectrometer was used to determine the concentrations of Cu, Zn, Pb, Fe, Cd and Cr in the sediments.
Statistical analysis
The similarity in the multivariate environment (grain size, and trace metal concentrations) at the different pipeline and non-pipeline sites in the two locations was calculated using Euclidean distance, following log10(x + 1) and normalisation of the data. This matrix was visualised by ordination using non metric multidimensional scaling (nMMDS) in PRIMER v6. In order to determine whether there were a priori differences between pipeline and non-pipeline sites in the environment at each location, and between locations (factors), the multivariate data were analysed using the PERMANOVA routine in PRIMER v6. PERMANOVA tests the simultaneous response of variables to one or more factors in an analysis of variance (ANOVA) experimental design on the basis of a resemblance measure, using permutation methods (Anderson et al. 2008) . The routine partitions the total sum of squares according to the specified experimental design, including appropriate treatment of factors that are fixed or random, crossed or nested, and all interaction terms. Here the different sample sites are nested within either pipeline or non-pipeline factors (both considered random), which in turn are nested by location (fixed). A distancebased pseudo-F statistic is computed (analogous to the F statistic for multi-factorial ANOVA models) and p-values are subsequently obtained by permutation. In order to determine the relationship between the measured environmental variables, non-parametric Spearman Rank Order correlations were performed in STATISTICA v. 11 and significance values were adjusted using Bonferroni correction (Townend, 2002) . The similarity between samples in terms of their foraminifera was calculated using the Bray-Curtis Index (Clarke and Gorley, 2006), following root-root transformation of the abundance data. Living and dead assemblages were treated separately and all analyses were computed using PRIMER v6 software. The similarity matrices were subsequently visualised using nMMDS plots. Living foraminifera are presumed to respond to the environment in which they are found, whilst dead individuals provide an indication of post-mortem and taphonomic processes such as advection (Murray, 1991) . A knowledge of the dead is therefore important in order to be able to place the living in proper context. The similarity matrices generated from an analysis of both living and dead assemblages were examined using the RELATE routine in PRIMER v6, which measures how closely related two sets of multivariate data are by calculating a rank correlation co-efficient (Clarke and Gorley, 2006) . In order to determine whether there were differences between Foraminifera from pipeline and non-pipeline sites in each location, and between locations, the multivariate data were analysed using the PERMANOVA routine in PRIMER v6. Further, in order to determine which species were most responsible for the similarity within each location, a SIMPER (Similarity Percentage) analysis was performed, and the results have been graphically displayed. To explore the relationships between Foraminifera and the environment two further analyses were undertaken. Firstly Spearman rank order correlations (using STATISTICA v. 11 and Bonferroni correction of significant values) were calculated between environmental measures and species richness, diversity and abundance of live Foraminifera. Secondly, a distance-based linear model (DistLM) (Clarke and Gorley, 2006; Anderson et al. 2008 ) was computed in an attempt to define those environmental variables that were most responsible for structuring the multivariate Foraminifera data. DistLM first conducts a marginal test, which determines the proportion of the variance in the distribution pattern of the foraminifera that can be explained by each environmental variable, before portioning the variation according to a multiple regression model (step-wise), in order to provide a ''best'' solution (adjusted R 2 ) for a combination of the environmental variables. A distancebased redundancy analysis (dbRDA) was then used to visualise the fitted model, where the length of the vector overlays depicts the effect each variable had on the construction of the dbRDA axes.
Note that because % N was only determined per site, and not per sample core, these data were not used in the above analyses. However, the average data (across cores) for all environmental variables and foraminiferal abundances per site were analysed together with the % N and these results were compared to those generated as described above: all are available in the Supplementary data.
Results
Environmental variables
The nMMDS plot reveals that the physico-chemical environment at the two sampling locations was quite distinct and the overall stress value was sufficiently low (0.07) to allow ready interpretation ( Fig. 1 and Supplementary data Fig. 4) . While there was a difference between pipeline and non-pipeline sites in TB, this was less clear in SHB where a greater variability was observed. The results of the PERMANOVA indicate no significant differences in the environment between the two study areas (Table 1) but that significant differences were apparent between pipeline and non-pipeline sites: note the high level of intra-site sample variation (Table 1) . The inclusion of % N in the analyses does not alter the result (Supplementary data Table 1) .
Sediments from TB (1.06 phi ± 0.43) were significantly (F (1, 113) = 69.5; p = 0.0001) larger than those from SHB (2.02 phi ± 0.71), but only in SHB was there a significant difference between pipeline and non-pipeline sites (Supplementary data Fig. 5) . Those of the latter were significantly coarser (1.86 phi ± 0.74) than those of the former (2.44 phi ± 0.35) (F1, 68 = 11.93; p = 0.002). The % N varied from 0.02% to 0.8% in all samples (Supplementary data Table 2 ), and samples from site SHD (a pipeline site at SHB) were much generally richer in this regard than the rest. The mean % N in sediment samples from TB (0.1%, ±0.06) was lower than in samples from SHB (0.17% ± 0.2), and in both locations, the % N of sediments around the pipeline was higher Fig. 1 . MDS of the two study areas sampled using all environmental data. The data were log x + 1 transformed and normalised. Euclidean distance was used to plot the samples. s -Pipeline sites than that from non-pipeline sites. That said, none of these relationships were significant owing to the pooled nature of the % N data.
With the exception of Pb, all measured trace metals occurred at significantly higher concentrations in sediments from SHB than TB (Supplementary data Figs. 6 and 7 and Table 3 ). And with the exception of Cr, trace metal concentrations in the sediments were generally significantly higher from pipeline than non-pipeline sites in samples from SHB; no significant differences were found in TB samples. Non-parametric Spearman Rank Order correlations of all environmental variables revealed significant positive relationships between most variables (Supplementary data Table 4a ) indicating a common response between them. This pattern was repeated even with the average data Supplementary data Table 4b ) data, when a strong correlation between % N and trace metal concentration was observed. Interestingly, there was no correlation between % N and mean grain size (Supplementary data Table 4b ).
Foraminiferal assemblage structure
Twenty-eight living morpho-species of Foraminifera were identified from samples collected in SHB and 34 from TB; a total of 38 from the two study areas (Supplementary Table 5 ). Elphidium articulatum was the most common species in samples from TB while Ammonia parkinsoniana and the bolivinids were most abundant in SHB (Supplementary Table 5 ). Cibicides lobatulus, Quinqueloculina seminulum and Glabratella australensis were present in large numbers in TB. Assemblages of dead Foraminifera showed much the same structure as those of the live assemblages, with the same species being dominant (Supplementary Table 5 ). Examination of the nMMDS ordination plots of the living and dead assemblages (stress = 0.17 in both instances), reveals a clear separation of assemblages in the two locations (Fig. 2) . And while there appears to be less overlap between assemblages from pipeline and non-pipeline sites in SHB than in TB (Fig. 2) , this is less obvious for the dead assemblages. Indeed, there is a greater general similarity in the numerical composition of assemblages of dead, than living, Foraminifera (Supplementary data Fig. 8 ). In the case of the living Foraminifera, the nested PERMANOVA (Table 2 ) indicates significant differences in assemblage structure between samples at all spatial scales, whilst in the case of the dead assemblages there was no clear difference between the pipeline and nonpipeline sites. The Relate statistic, which reflects the relationship between the similarity matrices of living and dead assemblages was significant (p = 0.01), although Rho = 0.563. The species that were most responsible for the similarity within each of the study areas generally reflect the dominant species. The SIMPER analysis of the live assemblages of the two study areas shows that St Helena Bay samples showed a similarity of 45% as a result of A. parkinsoniana, Buliminella eleganitissima, elongated bolivinids, Rosalina globularis and E. articulatum (Fig. 3 ). The richness of samples from TB (14 ± 0.5) was significantly greater than in SHB (9 ± 0.5) (p < 0.0001; F (1, 113) = 33.87). Patterns in taxon diversity were similar to those of richness: H 0 being significantly (p < 0.0001; F (1, 113) = 36.92) lower in SHB than TB (1.69 ± 0.06 and 2.17 ± 0.04, respectively). The abundance of foraminifera, however were not significantly different. The pipeline sites of SHB had a significantly lower species richness (p = 0.0001; F (1, 66) = 46.53), diversity (p = 0.001; F (1, 66) = 15.85) and abundance (p = 0.0001; F (1, 66) = 32.69) than the non-pipeline sites. The pipeline and non-pipeline sites of TB were not significantly different regarding these measures.
Environmental variables and assemblage structure
Significant negative correlations were found between species richness and Cd, Cu and Zn, whilst diversity was negatively correlated with Cd, Cr, Cu, Fe and Zn: abundance was not significantly correlated with any of the measured environmental variables (Supplementary data Table 4a ). The inclusion of % N in the analyses did not change the aforementioned results, and it was not significantly correlated with diversity, richness or abundance (Supplementary  data Table 4b ). The marginal tests of the DISTLM showed significant relationships between the foraminiferal assemblages and the environmental variables (Supplementary data Table 6) and Fig. 2 . MDS Ordination showing the similarity between samples, in terms of the structure of live (a) and dead (b) foraminiferal assemblages across all study sites and samples (Bray-Curtis Index). Species data were fourth root transformed and the dendrogram was produced using Group-Average Linkage. s -Pipeline sites including the % N (Supplementary data Table 7 ) showed no significant effect. The BEST fit option revealed Cd (20.3%) as an important contributor to the percentage variation within the species data, and that all environmental variables together account for 30.1% of the variation. When including the % N in the analyses it showed that 62% of the variation could be explained by the environmental variables, although, %N was not a significant contributor on its own. The dbRDA ordination, for the fitted model of foraminiferal species data versus environmental data, graphically represented the DISTLM and revealed that the Cd, Pb, Cr and Zn concentrations were important in determining the gradient from the pipeline to the control sites ( Fig. 4 ; Supplementary data Fig. 9 ). Most of the percentage variation in the original data (fitted) could be explained by the two axes (76.6%). 
Discussion
Thirty-eight morpho-species of foraminifera were recovered from samples collected at the two sites along the SW coast of South Africa. Although this number is higher than has previously been reported from around Africa (Murray, 2007) , it is in general agreement with observations of other workers in shallow water sites from around the world (Yanko et al., 1994; Rathburn et al., 2000; du Châtelet et al., 2004; Ferraro et al., 2006; Mojtahid et al., 2008) . Discrepancies with respect to the African datasets probably reflect the paucity of studies conducted in Africa. That a greater number of taxa were collected from TB than SHB could be indicative of both the less stressed environment there (see below) and the slightly warmer temperatures experienced (Jury and Bain, 1989) . Three main biogeographic provinces have been identified around South Africa (Bustamante and Branch, 1996) : a sub-tropical province that extends southwards along the east coast to approximately East London, a warm temperate province that extends westwards to Cape Point, and a cold temperate Namaqua province that ranges northwards along the west coast of South Africa. This schema has been identified for vertebrates (Turpie et al. 2000) and a wide variety of invertebrate taxa (Day, 1967; Griffiths, 1974; Millard, 1975) and algae (Bolton and Stegenga, 2002) , but is modified by life-history strategy (Gibbons et al., 2010) . Species richness tends to be higher at the boundaries to these provinces (Awad et al., 2002; Scott et al., 2012) and as TB is adjacent to Cape Point it likely contains an admixture of warm-and cold-temperate taxa (Stephenson, 1944) . As noted in other studies (Yanko et al., 1994; Rathburne et al., 2000; Ruiz et al., 2004; Bergin et al., 2006; Mojtahid et al., 2008) , foraminiferal assemblages tended to be dominated by a handful of species and most were relatively uncommon. A. parkinsoniana was present in greatest abundance throughout SHB but was rare in TB, whilst E. articulatum was predominant in TB. Species of the genus Ammonia have previously been reported as opportunistic and are found in most types of environments. Even those experiencing chemical stress (Seiglie, 1971; Nagy and Alve, 1987; Yanko et al., 1994; Scott et al., 2001; Bergin et al., 2006; Ferraro et al., 2006) , so their dominance of assemblages in SHB is hardly surprising given the fairly stressed nature of the system there (see below). Species of Elphidium have the ability to change from an epifaunal to an infaunal habitat and appear to be highly adaptable to food and environmental changes (Debenay et al., 2001) . Again this observation is not surprising since the nature of the system in TB is more variable (Jury and Bain, 1989) than that in SHB. Bolivinids tended to be very common around the pipeline in SHB, which is in agreement with their ability to survive anoxic conditions better than other groups (Stott et al., 1996) . Miliolids, by contrast, were rare or absent in SHB but were common in TB: this taxon is generally found in warmer water and is thought to be intolerant of high levels of toxic trace metals (Murray, 1991) . Although the results of the PERMANOVA test (Table 1) indicate that there was no significant overall difference in the multivariate environment at both study locations, a weak separation in the physico-chemical environment of each can be seen in the nMMDS plot (Fig. 1) . The difference observed between these two sets of results can likely be attributed to the high intra-station variability, as evidenced by the large model residuals (Table 1) . Pipeline and non-pipeline stations differed significantly in the chemical characteristics of their sediments, despite their wide (spatial) distribution around the actual outfalls (Supplementary Figs. 1 and 2; Fig. 1) , with the former tending to have more elevated levels of heavy metals (Supplementary Table 3 ) than the latter. Although this was more pronounced in TB than in SHB (Fig. 1) , heavy metal loads in SHB were (in general) significantly greater than in TB. These results can probably be explained by differences in the nature and volume of the effluent being dumped at each site, the duration of system exposure to effluent and the circulation patterns. SHB has been a recipient of large quantities of fish-factory effluent since the 1940s (Shannon et al., 1983) , whilst the comparatively small outfall off Robben Island in TB has been operational for little more than a decade (Prochazka, 2003) . And water in TB is regularly flushed (Van Ieperen, 1971) , while water in SHB can have a residence time of up to 25 days (Walker and Pitcher, 1991) .
The sediments at both study sites were of a relatively large mean grain size ( Supplementary Fig. 5 ), and this probably reflects the shallow depth from which samples were collected as well as local geology (Monteiro and Roychoudhury, 2005) . The locationspecific features identified above can be invoked to explain the significantly finer nature of the sediments in SHB than TB, and also the coarser nature of the sediments at non-pipeline stations in the former. Whilst both locations lie within the productive Benguela upwelling ecosystem, background inputs from primary production are likely different as evidenced by the slightly lower % N (and by implication % C, see methods) in TB than SHB, the organic carbon loading in both areas are of natural marine origin linked to upwelling (Monteiro, 1997; Monteiro and Roychoudhury, 2005) . This is in agreement with our understanding of chlorophyll biomass in the two areas (Brown et al., 1991) , which is again a reflection of differences in current regimes and local wind forcing, and variability therein. Although grain size was not correlated with % N (Supplementary Table 4b ) as might be expected (Fricke and Flemming, 1983; Heuttel et al., 1998) , it (and % N) was strongly correlated with the concentration of some (all) measured heavy metals (Supplementary Table 4b ). This is not a new observation and reflects, in part, the scavenging of heavy metals by organic material (Powell et al., 1996) . Although the foraminiferal assemblages (living or dead) were significantly different at the two sites ( Fig. 2 and Table 2), there was generally a greater similarity between samples in dead assemblages than living ones ( Supplementary Fig. 8 ) and dead assemblages failed to be structured by their proximity to pipeline outfalls. This suggests that whilst the composition of living assemblages is influenced by location (biogeography), their structure (ecological response to immediate environment) is not significantly influenced by passive processes such as advection. This stresses the need to take cognisance of both dead and living Foraminifera in studies such as this, because dead assemblages provide a time-averaged faunal record of between 12 and 50 years and therefore cannot be used to describe current environmental conditions (Murray and Pudsey, 2004) . The clear separation of the two locations in the analyses of the dead assemblages, coupled with the generally high similarity between living and dead similarity matrices (Rho value = 0.563), indicates that differences in assemblage structure are location dependent, and are not influenced by differences in when the samples were collected. However, had sampling occurred during upwelling and non-upwelling periods, differences in foraminiferal abundance may have occurred in response to changes in phytodetritus input (Scott et al., 2001; Diz et al., 2006) . The variability in foraminiferal assemblages between cores within stations was high (Table 2 ). This patchiness is not unusual for infaunal meiofauna, and reflects both variability in food source and organic matter input at the sediment-water interface (Lavigne et al., 1997; Murray, 2001; Morvan et al., 2006) , as well as disequilibrium process associated with (e.g.) disturbance (Flint and Holland, 1980) . Of all the measured environmental factors investigated here, heavy metals (especially Cd, Pb, Cr and Zn) appeared to have the most significant impact on assemblage structure (Fig. 4 , Supplementary Tables 6 and 7 and Fig. 9 ). In the case of the analyses excluding %N (Supplementary Table 6 ), the best model included all variables, although the adjusted R 2 was only 0.30. When % N was included (Supplementary Table 7) , and all other measures collapsed accordingly, the best models (R 2 = 0.66) included Cd, % N and sediment size, as well as (variously) Cu, Cr or Zn. The significant role that heavy metals play in structuring foraminiferal assemblages has been noted by a number of authors previously (Yanko et al., 1994; Frontalini et al., 2009) and it tends to reduce diversity (Supplementary Table 4 ). Trace metals in high concentrations tend to cause a physiological disturbance in the growth of foraminifera (Samir and El-Din, 2001 ) and also appears to interfere with the uptake of Ca forming weaker tests (Yanko et al., 1994) . That said, no samples recovered here were devoid of Foraminifera as has been noted in areas with extreme levels of metal pollution elsewhere (Scott et al., 2001; Ferraro et al., 2006) , although some SHB stations did have very low numbers of specimens. These results suggest that while the levels of trace metals in both locations are generally tolerable for Foraminifera, some localized effects, particularly in SHB may be occurring.
Conclusions
The observations presented here are the first for extant benthic Foraminifera from along the west coast of South Africa, and more particularly relating their community structure to point source pollution and they represent a useful baseline against which other studies can be measured. Richness is higher than observed elsewhere in Africa (Murray, 2007) but this is likely a reflection of a paucity of data from elsewhere on the continent. There were pronounced differences between the assemblages recovered in the two study locations, which may reflect biogeography as well as differences in the nature and volume of the effluent being dumped at each site, the duration of system exposure to effluent and the respective circulation patterns. That said, as in other studies, assemblages overall show a high level of variability reflecting small scale differences in the psammal environment, and they are strongly influenced by heavy metal concentrations. The dominance of assemblages in SHB by Ammonia, Elphidium and Bolivinids and the absence of Miliolids is indicative of a stressed environment as assemblages are dominated by what are mostly opportunistic species. Whilst many of the results shown here are in agreement with published findings, they demonstrate that regional generalisations about environmental responses of assemblages to the environment can only really be generated from a regional, and not local, dataset.
